Abstract -Numerous studies show a direct relation between circulating autoantibodies, characteristic of systemic autoimmune disorders, and primary hypertension in humans. Whether these autoantibodies mechanistically contribute to the development of hypertension remains unclear. Systemic lupus erythematosus (SLE) is a chronic autoimmune disorder characterized by aberrant immunoglobulin production, notably pathogenic autoantibodies, and is associated with prevalent hypertension, renal injury, and cardiovascular disease. Because plasma cells produce the majority of serum immunoglobulins and are the primary source of autoantibodies in SLE, we hypothesized that plasma cell depletion using the proteasome inhibitor bortezomib would lower autoantibody production and attenuate hypertension. Thirty-week-old female SLE (NZBWF1) and control (NZW [New Zealand White]) mice were injected IV with vehicle (0.9% saline) or bortezomib (0.75 mg/kg) twice weekly for 4 weeks. Bortezomib treatment significantly lowered the percentage of bone marrow plasma cells in SLE mice. Total plasma IgG and anti-dsDNA IgG levels were higher in SLE mice compared with control mice but were lowered by bortezomib treatment. Mean arterial pressure (mm Hg) measured in conscious mice by carotid artery catheter was higher in SLE mice than in control mice, but mean arterial pressure was significantly lower in bortezomib-treated SLE mice. Bortezomib also attenuated renal injury, as assessed by albuminuria and glomerulosclerosis, and reduced glomerular immunoglobulin deposition and B and T lymphocytes infiltration into the kidneys. Taken together, these data show that the production of autoantibodies by plasma cells mechanistically contributes to autoimmune-associated hypertension and suggests a potential role for patients with primary hypertension who have increased circulating immunoglobulins. (Hypertension. 2018
M ounting evidence suggests that increased immunoglobulin production may contribute to the pathogenesis of hypertension. Studies from as early as the 1970s indicate that patients with untreated or treated essential hypertension have higher levels of circulating IgG and IgM compared with normotensive individuals. [1] [2] [3] In addition, multiple studies by Kristensen et al [4] [5] [6] measured the levels of autoantibodies to a variety of autoantigens and found that hypertensive individuals were more likely to have circulating autoantibodies. Taken together, these clinical studies suggest a link between autoantibodies and the development of hypertension. In support of this concept, patients with autoimmune diseases such as rheumatoid arthritis and systemic lupus erythematosus (SLE) have prevalent autoantibody production 7, 8 and high rates of hypertension. [9] [10] [11] [12] [13] [14] [15] SLE is a prototypic systemic autoimmune disease that predominately affects women of childbearing age. It is characterized by a loss of tolerance to self-antigens that results in the production of autoantigen-specific B and T lymphocytes, which leads to pathogenic autoantibody production, especially against nuclear components. These autoantibodies form immune complexes that deposit in tissues such as the kidneys leading to chronic inflammation and end-organ damage. However, it is unclear whether the autoantibodies produced in SLE disease mechanistically contribute to the development of hypertension in these patients.
Animal models of autoimmune diseases such as SLE are an important tool to understand the link between autoantibodies and hypertension. The female NZBWF1 mouse mimics many of the characteristics of SLE disease, including autoantibody production, immune complex mediated renal injury, and hypertension. 16, 17 Recent studies by our laboratory showed that long term depletion of B cells using anti-CD20 resulted in decreased autoantibody production and prevented the development of hypertension in SLE mice. 18 In addition, chronic treatment with the immunosuppressive drug mycophenolate mofetil selectively depleted B cells and attenuated hypertension in SLE mice. 19 Taken together, these studies clearly demonstrate an association between B cells, autoantibodies, and the development of hypertension; however, these treatments were only effective when started before disease onset. Similarly, therapies that target B cells in humans, such as anti-CD20 (rituximab), have had limited success in large controlled clinical trials. [20] [21] [22] It has been suggested that the limited efficacy is at least partially because of the persistence of long-lived plasma cells that are not targeted by B-cell therapies. 23 Plasma cells, which differentiate from germinal center or memory B cells, reside in the bone marrow and spleen for months to years and are responsible for the majority of serum immunoglobulin production, 24, 25 including SLE autoantibodies. 26 Bortezomib (Velcade) is a potent and selective inhibitor of the 26S proteasome that is currently used in the treatment of multiple myeloma, a plasma cell neoplasia. 27 Neubert et al 28 reported that treatment of NZBWF1 mice, an established female mouse model of SLE, with bortezomib effectively depleted plasma cells and ameliorated symptoms of lupus nephritis. In addition, clinical studies have shown that bortezomib is effective at lessening disease severity in patients with refractory SLE and persistent autoantibody titers. 29 However, the effect of plasma cell depletion on the development of hypertension remains unknown. In the present study, we demonstrate a mechanistic role for plasma cells and autoantibody production in the pathogenesis of hypertension associated with autoimmunity.
Methods
The data that support the findings of this study are available from the corresponding author on reasonable request.
Animals
Adult (30-week-old) female NZBWF1 (SLE, n=24) and NZW (New Zealand White)/LacJ (control, n=26) mice (Jackson Laboratories, Bar Harbor, ME) were used in this study as published previously. 16 Mice were maintained on a 12-hour light/dark cycle in temperature controlled rooms with access to chow and water ad libitum. All studies were performed with the approval of the University of Mississippi Medical Center Institutional Animal Care and Use Committee and in accordance with National Institutes of Health Guide for the Care and Use of Laboratory Animals.
Bortezomib Administration
Bortezomib (Velcade; Millennium Pharmaceuticals, Cambridge, MA) was dissolved in sterile 0.9% NaCl. Mice were administered 0.75 mg/kg 2× week IV for 4 weeks in a volume of 50 µL. Mice not receiving BTZ were injected with 50 µL 0.9% NaCl (vehicle).
Blood Pressure
Mean arterial pressure (mm Hg) was recorded via indwelling carotid artery catheters in freely moving conscious mice as previously described by our laboratory.
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Preparation of Cells for Flow Cytometry
Bone Marrow Cells
Bone marrow cells were isolated from the femur and tibia as previously described. 34 Briefly, the femurs were dissected from the surrounding muscle and rinsed in sterile Hanks balanced salt solution. Both ends of the bone were trimmed to expose the marrow shaft. The marrow was flushed with 10 mL of sterile Hanks balanced salt solution, and large marrow particles were allowed to settle and were removed. The resulting cell suspension was used for flow cytometric analyses.
Peripheral Blood Leukocytes
Blood was collected from the retro-orbital plexus from bortezomib or vehicle-treated animals at 34 or 35 weeks (4 weeks bortezomib) of age. The blood was centrifuged at 350g to isolate plasma. Erythrocytes were lysed by adding 10× volume of 1× PharmLyse (BD Biosciences, San Jose, CA). After incubation for 5 minutes at room temperature, blood was centrifuged at 200g for 5 minutes. The pelleted cells were washed with 1× PBS and 2% FCS and centrifuged at 350g for 5 minutes. The purified peripheral blood leukocytes were suspended in 90% FCS and 10% dimethyl sulfoxide and stored at −80°C until use.
Renal Immune Cells
One kidney was homogenized in 5 mL RPMI (Roswell Park Memorial Institute) media containing 200 U/mL DNase and 10 mg/mL collagenase IV using the GentleMACS Octo Dissociator (Miltenyi Biotec, Bergisch Gladbach, Germany) using a user-defined protocol for mouse kidney. The resulting homogenate was filtered through a 70 μmol/L cell strainer and washed with 1× PBS containing 2% FCS and 2 mmol/L EDTA. The single cell suspension was centrifuged at 300g for 10 minutes. The resulting cell pellet was then resuspended in 1× PBS and 2% FCS. Lymphocytes were isolated from the kidney cell suspension using Lymphoprep (Accurate Chemical, Westbury, NY) according to the manufacturer's instructions.
Flow Cytometric Analyses
For all flow cytometric analyses, cells were first washed and resuspended in 1× PBS and 2% FCS and 0.9% sodium azide at a concentration of 2×10 7 cells/mL. 1×10 6 cells (50 μL) were aliquoted into a flow cytometric tube and incubated with 0.25 μg of antimouse CD32/CD16 (FcR block; BD Biosciences) for 5 minutes on ice. For bone marrow plasma cells, cells were stained with anti-CD138-APC (clone 281-2; BD Biosciences) followed by fixation and permeabilization using BD Cytofix/Cytoperm kit (BD Biosciences) according to the manufacturer's instructions. After washing with Perm/Wash buffer, cells were stained with rat anti-κ-light chain antibodies (clone 187.1; BD Biosciences). For staining of peripheral blood leukocytes, cells were stained with isotype control antibodies, a T-cell subset antibody cocktail (BD Biosciences), which contains antimouse CD3e-PE-Cy7 (clone 145-2C11), CD4-PE (clone RM4-5), and CD8-APC (clone 53-6.7), or anti-CD45R-PE-Cy7 (clone RA3-6B2). For kidney lymphocytes, cells were stained with anti-CD45-fluorescein isothiocyanate, as well as antimouse CD3e-PE-Cy7, CD4-PE, and CD8-APC, or anti-CD45R-PE-Cy7. Kidney lymphocytes were gated on live cells and on CD45 + cells. Cells were incubated on ice for 30 minutes and protected from light. All samples were analyzed on a Gallios (Becton Dickinson, Franklin Lakes, NJ) flow cytometer at the UMMC Flow Cytometry core facility. A total of 100 000 events were acquired for each sample. Data were analyzed using Kaluza software.
Autoantibodies and Total IgG
Anti-dsDNA IgG was detected in plasma at 34 weeks of age (SLE mice) or 35 weeks of age (control mice) using the anti-dsDNA IgG ELISA (Alpha Diagnostic International, San Antonio, TX) per the manufacturer's instructions and as previously described by our laboratory. 18, 30, 32, 33 Total plasma IgG concentrations were determined at the same ages using the mouse IgG ELISA kit (Alpha Diagnostic International) according to the manufacturer's instructions.
Renal Injury
Urinary albumin was monitored weekly by dipstick analysis (Albustix; Siemens). Animals were considered positive for albuminuria at ≥100 mg/dL. 18, 30, 31, 33 Urinary albumin excretion rate (mg/d) was assessed by ELISA (Alpha Diagnostic International) using overnight urine samples collected at the conclusion of the study as previously described. 18, 30, 31, 33 Glomerulosclerosis scoring was assessed by investigators blinded to the sample as previously described by our laboratory.
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Immunofluorescence
Four micrometer frozen kidney sections were first washed in PBS, 3×5 minutes each. The blocking solution was applied for 30 minutes at room temperature. The primary antibody was then added for 2 hours at room temperature. The sections were washed for 5 minutes in PBS 3 times. FITC primary antibody (anti-IgG; Sigma Aldrich) was used. After antibody incubation, slides were washed in PBS 3×5 minutes and then viewed and imaged with confocal microscopy.
Statistical Analysis
Data are presented as mean±SEM. Statistical analyses were performed using GraphPad Prism 7. A 2-way ANOVA was used to analyze treatment (bortezomib versus vehicle) or group (SLE versus control) interactions. One-way ANOVA was used to analyze individual differences between groups, and Tukey post hoc test for multiple comparisons was used to compare groups. An unpaired t test was used to analyze differences between renal lymphocytes or circulating lymphocytes in vehicle-and bortezomib-treated SLE mice. A P value of <0.05 was considered statistically significant.
Results
Because bortezomib depletes plasma cells in both mice and humans, 28 we analyzed bone marrow plasma cells in a subset of control and SLE mice treated with vehicle or bortezomib using flow cytometry. Figure 1A shows representative dot plots of SLE mice treated with vehicle or bortezomib, and Figure 1B indicates the percentages of plasma cells in control and SLE mice. Both vehicle and bortezomib-treated control mice had low levels of plasma cells (control-vehicle: 0.12±0.03%, control-bortezomib: 0.12±0.08%; Figure 1B) , consistent with previous studies that show a low level (<0.5% of total bone marrow cells) of plasma cells in young, nonimmunized mice. 35 Vehicle-treated SLE mice had significantly higher levels of plasma cells compared with both groups of control animals (1.8±0.1%; P<0.0001 versus control-vehicle and control-bortezomib), and SLE mice treated with bortezomib for 4 weeks had significantly lower percentages of plasma cells ( To analyze the downstream effects of depletion of immunoglobulin-secreting plasma cells, levels of anti-dsDNA IgG and total plasma IgG were measured at the conclusion of the study. Vehicle-treated SLE mice have significantly higher levels of anti-dsDNA IgG autoantibodies compared with control mice (0.25±0.06 versus 1.23±0.20 OD450; P<0.001; Figure 2A) ; however, autoantibody production was lower in Figure 2B ), which has been previously reported. 36 Bortezomib treatment significantly lowered plasma IgG in SLE mice compared with vehicle-treated animals (1.5±0.48 versus 5.0±1.2 mg/ mL; P<0.01).
To assess the role of plasma cells in the development of hypertension, mean arterial pressure was measured in conscious freely moving mice at the conclusion of the study. Vehicle-treated SLE mice had elevated mean arterial pressure compared with vehicle-treated control mice (142±5 versus 118±3 mmHg; P<0.0001; Figure 3 ). Blood pressure was significantly lower in SLE mice treated with bortezomib (120±3 versus 142±5 mmHg; P<0.001), but bortezomib treatment did not affect blood pressure in control mice (118±3 versus 114±1 mm Hg). NZBWF1 mice excrete large amounts of albumin in their urine and develop renal injury. Thirty-three percent of the vehicle-treated SLE mice developed albuminuria, whereas only 1 mouse treated with bortezomib developed albuminuria ( Figure 4A ). Urinary albumin excretion was measured by ELISA at the conclusion of the study ( Figure 4B ). Vehicletreated SLE mice had higher levels of urinary albumin excretion compared with control mice (16.8±10 versus 0.015±0.002 mg/d), which was lower in bortezomib-treated mice (SLEbortezomib: 0.24±0.16 mg/d), although the differences did not reach statistical significance. Bortezomib treatment did not affect urinary albumin in control animals (control-vehicle: 0.015±0.002 mg/d versus control-bortezomib: 0.057±0.03 mg/d). SLE mice had increased gomerulosclerosis compared with control animals ( Figure 4C and 4D) , as measured by glomerulosclerosis index (0.13±0.07 versus 0.90±0.2; P=0.11); however, SLE mice treated with bortezomib trended toward decreased glomerulosclerosis (SLE-bortezomib: 0.61±0.4). In addition, SLE mice had increased fibrosis compared with control mice (0.28±0.12% versus 1.0±0.35%), but it was decreased in SLE mice treated with bortezomib (SLEbortezomib: 0.27±0.064%; Figure S1A and S1B in the onlineonly Data Supplement). Deposition of IgG autoantibodies and immune complexes in the kidneys, as well as direct binding of IgG autoantibodies to glomerular antigens, contributes to renal injury by initiating downstream inflammatory and fibrotic processes. 37 Because of the marked decrease in total IgG and anti-dsDNA autoantibodies in the plasma after treatment with bortezomib, we assessed the presence of IgG in the glomeruli of control and SLE mice using immunofluorescence staining with antimouse IgG fluorescein isothiocyanate ( Figure 5A ). Control animals, regardless of treatment, have low levels of IgG staining in their glomeruli, whereas vehicle-treated SLE animals had high levels of IgG staining. Treatment with bortezomib decreased the levels of IgG staining in SLE mice to levels similar to that of control animals. Quantification of the fluorescence within the glomeruli is shown in Figure 5B . Renal lymphocyte infiltration is mechanistically linked with several models of experimental hypertension, [38] [39] [40] [41] including the female NZBWF1 mouse. 19 To assess the effect of plasma cell depletion on the infiltration of immune cells into the kidneys, we isolated renal leukocytes, stained with T-cell-(CD3/CD4/CD8) and B-cell-(CD45R) specific antibodies, and performed flow cytometric analyses ( Figure 6A renal lymphocyte infiltration can lead to downstream inflammatory cytokine production, we also analyzed renal inflammatory cytokines using a flow cytometric bead assay and vehicle-treated SLE mice had higher levels of TNF-α (tumor necrosis factor-α), MCP-1 (monocyte chemoattractant protein-1), and IL-6 (interleukin-6; Figure S2A through S2C). The data suggest that these cytokines and chemokines are lower in bortezomib-treated SLE mice.
Discussion
The prevalence of hypertension is markedly increased in patients with SLE, an autoimmune disorder driven by the production of autoantibodies, and numerous studies show that circulating autoantibodies are increased in patients with primary hypertension. The present study directly tested whether depletion of plasma cells, which are responsible for the vast majority of autoantibody production, would attenuate the development of hypertension in an established female mouse model of SLE. The major new findings of this study are that plasma cell depletion (1) effectively lowers circulating autoantibodies and ameliorates autoimmune-associated hypertension independent of changes in circulating T and B lymphocytes, (2) prevents IgG deposition and subsequently the renal infiltration of inflammatory cells that are known to mechanistically contribute to the pathogenesis of hypertension, and (3) prevents the development of renal injury, as evidenced by decreased albuminuria and glomerulosclerosis. These data advance our understanding of the mechanisms increasing the prevalence of hypertension in patients with autoimmune disorders and has broad implications for understanding the pathogenesis of primary hypertension in patients with increased circulating immunoglobulins.
Plasma Cell Depletion
Previous studies have shown that bortezomib is effective in the treatment of several rodent models of autoimmunity. For example, bortezomib depleted plasma cells and alleviated symptoms in a rat model of myasthenia gravis characterized by autoantibodies to the AChR (acetylcholine receptor) of skeletal muscle. 42 In addition, Lee et al 43 used bortezomib for treatment of a mouse model of collagen-induced arthritis. The therapy reduced arthritis severity and lowered the levels of inflammatory cytokines TNF-α, IL-1β, and IL-6 within inflamed joints. Neubert et al 28 were the first to report that bortezomib could also deplete autoreactive plasma cells produced during SLE and attenuate lupus nephritis in NZBWF1 mice. The authors reported a significant decrease in IgG-and anti-dsDNA IgGsecreting cells in the spleen and bone marrow after 8 weeks of bortezomib treatment, as measured by ELISPOT analyses. This depletion of plasma cells corresponded with a near-complete disappearance of anti-dsDNA autoantibodies and a 50% decrease in plasma IgG concentrations. In the present study, a 4-week treatment with bortezomib starting at 30 weeks of age resulted in a 50% decrease in the percentage of bone marrow plasma cells in SLE animals that corresponded with a 67% reduction in circulating anti-dsDNA IgG and a 70% reduction in plasma IgG levels (Figure 2 ). The lack of an effect of bortezomib in control animals may be because of the generally low percentages of plasma cells, making it difficult to identify changes via flow cytometry. There are several mechanisms by which bortezomib can deplete plasma cells. First, because of their excessive immunoglobulin synthesis, plasma cells produce large amounts of unfolded proteins and defective ribosomal products, which accumulate in the endoplasmic reticulum. Although a certain amount of the unfolded protein response is needed for plasma cell survival, proteasome inhibition rapidly induces endoplasmic reticulum stress and activates the terminal unfolded protein response, leading to the expression of the proapoptotic protein Chop and caspase activation. 44, 45 Previous studies have shown that bortezomib rapidly induces robust Chop mRNA expression in plasma cells but not in splenic T and B cells. 28 This aligns with results obtained in our study in which no changes in circulating T and B lymphocytes were observed after treatment with bortezomib ( Figure 1C through 1E) .
Hypertension
Previous studies by our laboratory implicate an important role for B cells in the development of hypertension; however, B cells have multiple pathogenic roles that could contribute to hypertension. These include antigen presentation to autoreactive T cells 46, 47 and direct contributions to local inflammation. 48 Therefore, the question of whether autoantibodies can mechanistically drive the development of hypertension remains unclear. The current study significantly advances our understanding because plasma cells do not serve these additional functions, allowing for a direct test of the role for autoantibodies in the development of hypertension in SLE.
At least 180 different autoantibodies have been identified in the serum of patients with SLE, many of which have been linked to disease manifestations. 49 The pathogenic actions of autoantibodies produced during SLE disease include immune complex formation and deposition, direct cell surface binding, interaction with cell surface autoantigens and apoptotic cells, and binding to cross-reactive extracellular molecules. 50, 51 Each of these pathogenic actions has the potential to contribute to the development of hypertension in SLE. For example, agonistic autoantibodies specific for the angiotensin II type I receptor, which have been identified in hypertensive individuals, [52] [53] [54] [55] [56] [57] are present in some patients with SLE. A small clinical study revealed that SLE patients who tested positive for the angiotensin II type I receptor had higher blood pressure than those that were negative for the autoantibody. 58 In addition, autoantibodies directed against endothelial cells are present in up to 80% of patients with SLE, depending on the cohort. [59] [60] [61] Although the effects of these autoantibodies are not fully characterized, they have been shown to enhance leukocyte adhesion and inflammation in vitro 62 and have been associated with vascular injury and endothelial dysfunction in clinical studies. 63 The present work is the first to demonstrate a mechanistic role for plasma cells in autoimmune-associated hypertension. A previously published study showed that bortezomib attenuated angiotensin II-mediated hypertension after 2 weeks in male Sprague Dawley rats. 64 The authors suggested that bortezomib's beneficial effects resulted from proteasome inhibition to suppress reactive oxygen species generation and inhibit angiotensin II-induced vascular smooth muscle cell proliferation. However, this study did not examine the effect of bortezomib on plasma cells or antibodies, which have recently been suggested to have a role in angiotensin II hypertension in mice. 65 In addition, the vascular hypertrophy and reactive oxygen species mirror the changes in blood pressure making it difficult to discern whether these changes are pressure dependent or independent. Importantly, bortezomib does not seem to universally reduce blood pressure in experimental models given that treatment of Dahl SS rats on a high salt diet did not significantly reduce systolic blood pressure.
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Renal Mechanisms
In the present study, SLE mice treated with bortezomib have decreased renal injury, as measured by albuminuria and assessment of glomerular injury. These results are in agreement with previous studies in which bortezomib protected NZBWF1 mice from renal injury. 28, 67 We also examined glomerular IgG deposition using immunofluorescence microscopy. The presence of IgG is greatly reduced in the glomeruli of SLE mice treated with bortezomib ( Figure 5 ). Anti-dsDNA autoantibodies of all IgG isotypes, which were measured in the present study, have been shown to be involved in the pathogenesis of lupus nephritis and other renal manifestations of the disease. 37 Current evidence indicates that anti-dsDNA IgG can bind to exposed chromatin fragments at the glomerular basement membrane 68 ; interact directly with glomerular basement membrane components, such as α-actinin, 69 laminin, 70 and entactin 71 ; and form anti-dsDNA immune complexes in the circulation, which deposit in glomeruli. 68 The presence of CD45R + B lymphocytes as well as CD3 + CD4 + and CD3 + CD8 + T lymphocytes in the kidneys was markedly reduced in bortezomib-treated SLE mice ( Figure 6 ). This is consistent with previous studies by our laboratory, in which treatment with the immunosuppressive drug mycophenolate mofetil reduced the numbers of renal CD4 + T cells and CD45R + B cells. 19 Both B and T lymphocytes contribute to the progression of renal injury during SLE. B lymphocytes and plasma cells promote intrarenal autoantibody production, 72 and both B and T lymphocytes promote renal inflammation. 73 Thus, the decrease in B and T lymphocytes in the kidneys likely reduces renal inflammation, which is an important factor in the development of hypertension. Furthermore, analyses of renal inflammatory cytokines using a flow cytometry-based cytokine bead array indicated that SLE mice treated with bortezomib had decreased levels of the inflammatory cytokines TNF-α, MCP-1, and IL-6 ( Figure S2 ). However, it is unlikely that the hypertension in the NZBWF1 mouse model is secondary to renal injury caused by infiltrating immune cells. This is supported by our data showing that all of the vehicle-treated SLE mice develop hypertension, whereas only one third of the vehicletreated SLE mice in the present study developed albuminuria. In addition, we provide data ( Figure S3A and S3B) showing that no correlation exists between hypertension and urinary albumin excretion or glomerulosclerosis. These data are consistent with studies reported in human SLE patients suggesting a dissociation of renal injury from blood pressure.
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Perspectives
Autoantibody-secreting plasma cells present a therapeutic problem in SLE and other autoimmune diseases because they are resistant to treatment with traditional therapies such as cyclophosphamide 74 or mycophenolate mofetil. 75 Moreover, plasma cells are resistant to the effects of B cell depletion agents such as anti-CD20 (rituximab) and anti-BAFF (belimumab). 76 Previous studies by our laboratory have shown that depletion of B cells using anti-CD20 can prevent the development of hypertension when treatment starts before disease onset, 18 but it is less effective once SLE disease is established. The present study supports the concept that autoreactive plasma cells are responsible for the majority of autoantibody production in established SLE disease, and that these autoantibodies play a mechanistic role in the hypertension during SLE. Hypertension affects a significant portion of patients with SLE, and autoantibodies are associated with primary hypertension. Therefore, continued study is warranted to further understand the role of specific antibodies in the pathogenesis of hypertension not only for patients with autoimmune disorders like SLE but also for the population of individuals with primary hypertension and increased circulating immunoglobulins. 
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